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INTRODUCTION 
 
Breast cancer is the second leading cause of cancer among American women.  Survival 
rates at 5 years average 87%, decreasing to 77% at 10 years, 63% at 15 years, and 52% at 
20 years1.  Although current use of tamoxifen and letrozole may have a significant impact 
on long term survival in the future, an estimated 39,800 American women will die of 
breast cancer in 2003 1.  There is an urgent need for new treatments for metastatic breast 
cancer and chemoprevention that can be used to prevent breast cancer recurrence.   
 
Epidemiologic studies comparing breast cancer rates among Japanese women in Japan 
and American women in the US are supportive that dietary factors could be critical to 
understanding breast cancer rates.  In vitro work using seaweed extracts have shown high 
antitumor activity.  In vivo work using rats and mice have demonstrated that seaweed, 
both as part of a regular diet, as an extract in drinking water, and as extracts which were 
injected into tumor bearing rats, have all confirmed that something in seaweed inhibits 
cancer formation and can cause tumor remission/tumor rejection in tumor bearing 
animals. 
 
Although little is known about relative breast cancer risk and seaweed intake among 
humans, a small body of research, both in vivo and in vitro, suggests seaweed may be 
useful in breast cancer prevention.  Seaweeds are specifically used to treat tumors in 
Traditional Chinese Medicine and Japanese folk medicine.  On a population level, those 
people for whom seaweed is a regular part of their diet, most notably in Japan, have 
dramatically lower rates of hormone sensitive cancers, both of the breast and prostate 2-4.  
Epidemiologic studies done in Japan in the 1980s, before Westernized diets were 
common, reported that Japanese women had 1/3 the rate of premenopausal breast cancer 
and 1/9 the rate of postmenopausal breast cancer 5.  In addition, when a Japanese woman 
developed breast cancer, she was more likely to survive at least five years than a woman 
diagnosed with breast cancer in the United States 6.   
 
No clinical studies of breast cancer and seaweed have yet been done, however, in a large 
prospective dietary study 21,852 Japanese nurses in Japan, investigators reported after 9 
years of follow-up, that high intake of miso (fermented soybean paste) soup was the food 
most closely associated with the lowest breast cancer risk7.  This is particularly 
interesting since an in vivo study compared dietary seaweed water extract to powdered 
seaweed and to injected seaweed extract, and reported that dietary seaweed water extract 
was the most effective against induced tumors 8.  Since miso soup is made from a 
concentrated hot water extract of seaweed plus a tablespoon or less of miso (soybean 
paste) and usually a few vegetables, it is very suggestive that seaweed and seaweed soup 
consumption may help explain the lower breast cancer rates of women in Japan.  Women 
who had three or more bowls of miso soup each day had about half the rate of breast 
cancer (RR 0.51; 95% Confidence Interval 0.32 to 0.83).  In two other epidemiologic 
studies of diet and breast cancer in Japan, 15% lower rates of breast cancer were 
associated with daily miso soup consumption, 9 and 13% lower rates for women who 
drank miso soup at least five times /week10.   
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Seaweed are also rich sources of iodine11.  Iodine deficiency may be a risk factor for 
breast cancer 12-14.  Additionally, some physicians have reported therapeutic success 
using oral elemental iodine solution for breast fibrocystic disease 15, 16.  Iodine is critical 
for the health of newborn infants, and during lactation iodine is concentrated in breast 
milk and is found in rapidly dividing breast cells.  When rapidly dividing breast cancer 
cells are present in the breast, iodine may also play a role, although the exact mechanism 
is unclear.  Breast cancer cells have lower iodine content than nearby healthy breast 
cells12, and the work of Funahashi and colleagues report protection from 
dimethylbenzanthracene (DMBA)-induced mammary tumors when iodine was given to 
the rats in their diet.  As a possible mechanism, they reported a high correlation between 
serum iodine and apoptosis of mammary cancer cells 17-19.  These results, along with 
those we 20 and others 21-23 have reported for dietary seaweed as inhibitory of DMBA-
induced mammary tumors are consistent with the idea that seaweed, possibly via iodine, 
could be involved in breast cancer prevention.    
 
We were interested in providing a similar amount of seaweed to that eaten in Japan.  On 
average, seaweed intake in Japan is estimated between 7 and 10 g/d dry weight11.  The 
bioavailability of the seaweed iodine to humans has been reported 24-26, and we have 
therefore chosen a low-iodine seaweed for this study.  On average, Undaria pinnatifida 
contains 50µ iodine/g.  5 grams of Undaria will provide an additional 250µ iodine/d, well 
under the 1,000 µ iodine/d that is considered the maximum tolerated dose of iodine/d. 
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BODY 
 
This research project was begun in 1999, at the University of Massachusetts.  However, only 
the initial work on seaweed toxicity was completed before the PI moved to the University of 
South Carolina.  This coincided with the necessity of obtaining Army IRB approval, and 
although numerous renditions of the grant have now been made, and tentative Army IRB 
approval was given in August 2003, the study was not officially approved, and further changes 
have been made to the study design.  The Memorandum for Record has been completed, and 
we are in the process of subject recruitment.  We have enrolled 14 of the 15 required subjects, 
and have a tentative agreement with the possible 15th subject for her participation. 
 
Based on the findings of significant changes in cell surface binding characteristics associated 
with dietary seaweed, we are conducting flow cytometry to analyse changes.  These cell 
surface binding sites are particularly important in breast cancer metastases, CXCR4 and CCR5 
27, and changes in CD36 binding to CD11+ monocytes are associated with angiogenesis28.  
CXCR4 appears to act as a homing signal for metastatic breast cancer cells, binding 
exclusively to stromal derived factor-1, a cytokine found most abundantly in the liver, lung, 
and bone, all preferred sites for breast cancer metastases.  The role of CCR5 is less well 
understood in breast cancer metastasis, but is also considered crucial in breast cancer29.  We 
will use standard flow cytometry to identify the relative binding site densities and in-depth 
proteonomics to indicate which proteins are involved in both binding site activation and 
responses to dietary seaweed.  Based on concurrent work on breast cancer and CXCR4 and 
CCR5 changes on CD4 and CD8 cells associated with dietary seaweed as measured by flow 
cytometry, we will focus on serum T lymphocytes.  CD36 is a marker of monocyte, and 
alterations in this binding site are associated with decreased angiogenesis 28. 
 
Profiling of serum proteins using surface enhanced laser desorption/ionization time of 
flight (SLEDI-TOF) mass spectrometry has become increasingly specific and can now 
identify with high sensitivity and specificity cancer types, including breast cancer based 
on the specific signature of proteomic serum biomarkers.  Recent studies (reviewed by 
Laronga30) have shown that using SLEDI-TOF can differentiate between BrCa1 carriers 
and healthy controls (13/15 women with BrCa1 compared to one of the 15 non-carriers), 
14/16 patients with breast cancer even 6-9 months following treatment for breast cancer, 
compared to healthy controls, and sentinel lymph node positive (22/27) patients from 
sentinel lymph node negative (55/71) patients. SELDI ProteinChip® technology is the 
primary proteomic platform technology for the NCI Early Detection Research Network 
(EDRN) study of early detection serum biomarkers of prostate cancer (e.g., review by 
Grizzle et al.31; other prostate diseases (e.g., review by Fung32, Semmes33), ovarian 
cancer 34 and.  In addition, SELDI ProteinChip® technology has been used to identify 
changes in serum protein expression with the addition of novel foods, like green tea, to 
the diet 35.  
 
The purpose of this research is to investigate whether consuming brown seaweed 
(Undaria pinnatifida) can change lymphocyte populations, surface binding sites on CD4 
and CD8 cells, and alter serum protein expressions.  Specifically we will study CXCR4 
and CCR5 cytokine receptor sites, both known to be important in determining location of 
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breast cancer metastases.  To minimize the variation with menstrual cycle phase, and to 
concentrate on the age group with the highest risk of breast cancer, we will focus on 
postmenopausal women.  Based on our in vitro studies showing that seaweed extract has 
a dose dependent inhibitory effect on estrogen receptor negative (ER-), but no effect on 
estrogen receptor positive (ER+) breast cancer cells, we anticipate that estrogen receptor 
status will be an important variable in our study.  Our blinded, crossover study design 
will serve to address the issues of any carry-over effect of seaweed after cessation of 
seaweed intake. 
 
In a second study done at the University of Massachusetts on the bioavailability of seaweed 
iodine has now been submitted to the Journal of Medicinal Food.  Our conclusions were that 
although 5 grams/day of seaweed, the average daily consumption in Japan, was associated with 
a statistically significant increase in thyroid stimulating hormone, the increase was small and 
not biologically important.  All clinical values remained within normal limits.  This means that 
our next intervention will be done with a clinically proven safe level of iodine-containing 
seaweed.  A copy of this manuscript is included in the appendix. 
 
A poster presentation of the first results of dietary seaweed on estrogen metabolism and 
catabolism was presented at the American Association for Cancer Research in April, 2006.  A 
copy of this presentation is included in the appendix.  
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KEY RESEARCH ACCOMPLISHMENTS 
 
Final approval by the Human Subjects Research Review Board (HSRRB) on 28 September 
2005.  Recruitment for our study is ongoing.  Of the 15 subjects required, 14 have been 
enrolled and 4 have completed the study.  The final subject has indicated interest, and will 
begin the protocol in the next week. 
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REPORTABLE OUTCOMES: 
 

Manuscripts: 
 
Jane Teas, Lewis E. Braverman, Mindy S Kurzer, Sam Pino, Thomas G. 
Hurley, James R. Hebert. Seaweed and Soy: Companion Foods in Asian 
Cuisine and Their Effects on Thyroid Function in American Women.  
Thyroid 14(10):836-841. 2004 
 
Jane Teas.  Dietary Brown Seaweeds and Human Health Effects. In: 
World Seaweed Resources (CD). Ed: Critchley, Alan T , Masao Ohno and 
Danilo Largo.  Publisher Expert Centre for Taxonomic Identification, 
Univ. Amsterdam. 2006.  
 
 
Poster presentations  
 
Teas J, Kurzer M, Hurley T, Sepkovic D, Longcope C, Hebert J.  
Seaweed, soy, and estrogen metabolism in healthy postmenopausal 
American women.  American Association for Cancer Research Annual 
Meeting, Washington DC, April 1-4, 2006. 
 
Jane Teas, Sam Pino, Thomas G. Hurley, Alan Critchley, Lewis E. 
Braverman Effect of Seaweed Ingestion on Thyroid Function in 
Postmenopausal Women  (P3-675).  Endocrinology Society Annual 
Meeting, Philadelphia, PN  June 2003. 

 
Funding applied for and awarded 
 
Dietary Algae as a Modulator of Breast Cancer Metastases: An 
exploratory Grant to Document Proof of Principle (Principal 
Investigator: Jane Teas).  Cancer Prevention and Cancer Control 
(Department of Defense Award to encourage collaboration between the 
Medical University of South Carolina and the University of South 
Carolina).  Awarded December 2003. 
 
Dietary Algae and Breast Cancer.  University of South Carolina 
preliminary grant to be used in application for NIH funding of a Cancer 
Complementary and Alternative Medicine Center.  (Principal 
Investigator: Jane Teas).  Awarded May 2004. 
 
Funding applied for: 
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Changes associated with dietary algae in poor-prognosis breast cancer 
patients. Project within the University of South Carolina SPORE 
submission.  P.I.: Jane Teas, Ph.D. 

Cinical intervention for metabolic syndrome.  Project within the 
University of South Carolina EX02 submission.  PI: Jane Teas 
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CONCLUSIONS 
 
Beyond the great variability of iodine in brown seaweed and its bioavailability to 
humans, we can not make any conclusions until we have data.  However, the women 
in our ongoing study report improved wellbeing, and we anxiously await the results 
of the clinical data at the conclusion of our study.
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Seaweed, soy, and estrogen metabolism in 
healthy postmenopausal American women

11University of South Carolina, University of South Carolina, 22University of Minnesota, University of Minnesota, 33University of Hackensack,University of Hackensack,
33University of MassachusettsUniversity of Massachusetts

Introduction: Seaweed and soy foods are common in Japan and Korea where 
the incidence and mortality of breast cancer are significantly lower than in the 
US. Most attention has focused on soy foods and their phytoestrogen content. 
Seaweeds are known to have an antibiotic effect in vitro and in vivo studies 
support the idea that dietary seaweed modifies gastrointestinal bacteria 
populations. We investigated the possibility that dietary seaweed could act as a 
probiotic when consumed with soy, and enhance the gastrointestinal metabolism 
of phytoestrogens, especially the increasing the production of equol. Equol
production is associated with decreased breast cancer risk. 

Study Design: Women were randomized to either seaweed or placebo for six 
weeks, followed by a week when soy supplementation (2 mg isoflavones/kg body 
weight) was added. A 3-week washout period separated the two arms of the 
study, after which women were crossed over to the alternate intervention arm. 
Blood samples for estradiol, estrone, and sex hormone binding globulin were 
obtained at each clinic visit, and 48-hour urine specimens were provided at each 
of the time points for phytoestrogen and estrogen metabolite determination. 

Methods: In a double-blinded placebo-controlled clinical trial, 15 healthy 
postmenopausal women (average age = 58 years) were recruited to our 17 week 
study. Six of the women had been treated for early breast cancer but were 
disease free at the time of the study. None of the women had taken antibiotics in 
the preceding 3 months or during the study.  All were non-smokers and drank 
alcohol once or fewer times per week. 

Results: Serum levels of estradiol were lower for women who had never had 
breast cancer (p=0.04). SHBG levels significantly decreased for both groups of 
women during the seaweed plus soy supplementation period. No urinary 
phytoestrogen excretion was reported during the placebo or seaweed 
interventions, but urinary phytoestrogens were detected during both the soy and 
seaweed plus soy intervention periods. O-DMA and equol production was 
significantly different among women who had had breast cancer (p=0.03; 
p=0.02).  Equol production was only seen in women who had never been treated 
for breast cancer. Urinary lignan excretion was higher among disease free 
women (p=0.06);

Teas JTeas J11, , KurzerKurzer MM22, Hurley T, Hurley T11, , SepkovicSepkovic DD33, , LongcopeLongcope CC44, Hebert J, Hebert J11
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Conclusions:
The presence of seaweed in the Asian diet may act as a 
probiotic, enhancing intestinal conversion of equol and O-
DMA.  Since seaweed and soy are often eaten together, 
some of the benefits of soy may accrue from the combination.  

O-DMA

This study was funded by the Susan G. Komen Foundation
The differences between women who have never had breast 
Cancer and those who have had breast cancer suggest that 
there may be persistent baseline differences due to disease status.
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HIV and Algae 
 
HPEB Class 
Complementary and Alternative Medicine 
November 30, 2005 
 
Complementary and Alternative Medicine Studies 
 
Copy-edited 2,780 pages of transcripts that were then given to the Smithsonian Museum 
of American History permanent research collection December 28, 2004 
 
Earthwatch and National Geographic 
Designed and directed various primate research projects, trained 60 volunteers in 
behavioral methodologies, coordinated the on-site data collection and analysis in 
Kathmandu, Nepal, worked with primatology colleagues, analyzed data, interpreted data, 
wrote papers 
 
President    Tobin Hill, Inc    1987-1991 

 

http://nccam.nih.gov/about/advisory/capcam/minutes/2002feb.htm#6


 
Co-created a company to produce and sell seaweed-based moisturizer.  Co-designed 
product, identified chemist and seaweed ingredients, co-designed label, wrote bylaws, 
filed incorporation paperwork, co-wrote advertising, co-designed business plan, co-
designed packaging, identified packaging company, did order fulfillment, oversaw mail 
order advertising, kept accounts, and filed taxes and filed un-incorporation paperwork. 
 
President    Human Ecology Associates  1986-1987 
     Dorchester, MA 
 
Organized and moderated one-day workshops for New England Interstate Water 
Pollution control commission on Pesticides and Drinking Water.  Edited newsletter on 
“Potatoes, Pesticides, and Problems” workshop, wrote newsletter on “Lawncare”; 
Organized and provided logistical support for two day workshop on Contaminated fish 
and Shellfish;  wrote final summary of workshop for EPA Region I.   
 
Organized and conducted field research on possible animal vectors of AIDS.  Identified 
hogs living in the Belle Glade, Florida AIDS epicenter, coordinated collection of hog 
blood and delivery of the blood to Pirbright Labs in England.  Collected ticks from 
houses and nearby areas to the Belle Glade epicenter.  Arranged for the ticks to be tested 
for AIDS transmission. 
 
Consultant    UNICEF    1987 
     Kampala, Uganda 
 
Designed and wrote a grant to the World Health Organization for $20,000,000 for the 
UNICEF AIDS public health program in Uganda. 
 
Toxics Coordinator   New England Interstate  1985-1986 
     Water Pollution Control 
     Commission 
    And 
     Northeast States for Coordinated 
     Air Use Management 
      
     Boston, MA 
 
Coordinated interstate workgroups on aquatic toxicity, pesticides, drinking water, and 
health, and air toxics for the six New England states, New York, and New Jersey. Edited 
regional air toxics risk assessments for tetrachloroethylene and trichloroethylene. 
 
Medical Writer   “New York Native”   1984-1991 
 
Summarized information on AIDS for a general audience.  The “New York Native” was 
a gay newspaper in New York City.  My particular focus was on African Swine Fever 
Virus and AIDS. 

 



 
Consultant    John Snow Inc    1981, 1982 
     210 Lincoln St.   and 1983 
     Boston, MA  02111 
 
Provided an annotated bibliography of available research relating to traditional medical 
practices and health attitudes of people in Nepal, and the status of women in Nepal; 
designed two goiter intervention programs for a health project in Nepal. 
 
Collaborator    Legal Medicine   1982 
     Harvard School of Public Health 
     665 Huntington Ave 
     Boston, MA  02115 
 
Interviewed doctors, nurses, data managers, and hospital administrators about perceived 
problems with informed consent procedures for cancer patients. 
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